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ABSTRACT
During the breakout of coronavirus disease (COVID-19), cloud computing applications provide great convenience and assistance
for people, enterprises, and government units. So far, studies of the priority of cloud services under disastrous situations are
relatively scant. This research thus examines supportive cloud services which influence the sustainability of people and
organizations. An empirical study was performed using SMARTER method with data collected from industry experts. The results
conclude a relative priority map of the cloud services facing pandemics. Research implications and suggestions are then
elaborated.
Keywords: Cloud service, coronavirus disease (COVID-19), media richness, SMARTER, rank order centroid.
INTRODUCTION
Since the beginning of 2020, the world has been confronting the epidemic of coronavirus disease (COVID-19). To prevent the
contagion, many countries have restricted transportation, grounded airlines, closed public facilities, blocked traffics, sealed cities,
and quarantined residents, making the provision of goods and services extremely difficult (Whitelaw et al., 2020). During this
abnormal period, electronic governments and businesses taking advantage of cloud computing technologies provide emergency
relief to the people and organizations in need at home or worldwide under this disastrous situation (Tuli et al., 2020).
However, research on the priority of various cloud services under disastrous situations is relatively little. In this study, we bring
together theoretical and empirical analyses to explore the priority ranking related to cloud services under situational abnormality
caused by disastrous pandemics.
The paper begins with a review of the theoretical background about media richness view and cloud applications facing pandemics.
Supportive cloud applications for pandemic situations are collected from selected experts in Taiwan. Then it explains the
SMATER method (Edwards & Barron, 1994). Following that, the SMATER method is applied to analyze the data collected
from the experts. Finally, the findings are presented along with the managerial implications of the study and suggestions for
further research.
THEORETICAL BACKGROUND
Cloud Computing and Cloud Services
Cloud computing has gained vast attention because of its technological advancement and availability. Major benefits of adopting
cloud computing in organizations are ease-of-use, convenience, on-demand access, flexibility, and least management from the
users (Chou, 2015). The proven success of many cloud-based solutions, together with the benefit of a less expensive and more
responsive business solution infrastructure, is prompting organizations to develop cloud services for cost-effective, accelerated
IT provisioning in protected environments (Ristova et al., 2013; Weng, 2021).
Cloud computing capability is an organizational capability of accessing and deploying an elastic resource of processing and
storage power that is reconfigurable on-demand and with flexible costs on a pay-as-you-use basis. The ubiquity of cloud services
is much like the availability of electric power, and thus cloud services are often analogized to utility services. The utilization of
cloud computing capability can provide cheaper, faster, more flexible, and more effective computing power to both
organizational and individual users. This pay-per-use model provides greater flexibility, promotes more rapid innovation, and is
an alternative to capital expenditures (Berman et al., 2012).
The elastic and scalable nature of a cloud service enables organizations to use IT resources more flexibly in response to
fluctuation in the resource demand (Armbrust et al., 2010). The service scalability also increases organizational agility in
response to environmental changes (Garrison et al., 2015). Moreover, a cloud service enables organizations to utilize on-demand
IT functions with the latest technology, thereby sustaining their technological agility. Both flexibility and agility are considered
strategic benefits because they enable organizations to rapidly initiate new services by allocating their resources to more valuecentric tasks and by reducing the time needed to supply the required IT resources (Weng & Lin, 2014).
Media Richness of Cloud Services
Media richness theory was developed in the mid-1980s by organizational scholars Daft and Lengel, and became very popular
along with the diffusion of electronic communication media (Daft & Lengel, 1986; Daft et al., 1987; Ishii et al., 2019). The
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theory suggests the effective use of a communication channel or medium by matching the richness of a medium and the
equivocality of the task (Daft & Lengel, 1986). Moreover, the theory paid attention to the significance of uncertainty and
equivocality reduction in successful information processing in organizations. More specifically, uncertainty is the lack of
information, which can be reduced by the quantity or amount of information (Galbraith, 1974). In contrast, equivocality refers
to confusion or lack of understanding, which cannot be reduced by the amount of information but can be reduced by the quality
or richness of information (Daft et al., 1987).
In a mediated situation using communication technology such as cloud services, uncertainty reduction would not be the problem
because a broadband cloud connectivity with big data technologies (Weng, 2020a) or the Internet of Things (Weng, 2020b) can
carry a large amount of information to reduce uncertainty (Weng, 2020a). Equivocality reduction is problematic primarily due
to the lack of nonverbal cues inherent in mediated communication and can be resolved through cloud streaming services such as
video conferencing on smart mobile devices with augmented user interfaces (Yu et al., 2018).
Critical Cloud Services under Pandemics
In the COVID-19 pandemic situation, the significance of uncertainty and equivocality reduction becomes critical because faceto-face and in-person contacts are restricted (Chen et al., 2020). Cloud services become effective media of communication among
people in such a crisis (Gong et al., 2020).
At the beginning of the pandemic, the Taiwanese government deployed cloud-based logistics quickly to allocate and distribute
healthcare materials such as masks and medical alcohol to prevent the outbreak of COVID-19. Critical information
infrastructures for medical status were set up in public facilities. Remote public services and distance education in schools were
implemented efficiently with the help of cloud technologies (Dwivedi et al., 2020).
Enterprises in Taiwan monitored their production and supply chain flexibility with cloud-based information systems (BruqueCámara et al., 2016). Remote video conferencing and cloud-supported groupware helped the collaboration for employees
distributed worldwide. Since most of the physical sales channels were restricted during the pandemic, many firms started
deploying online marketing and mobile commerce for their products and services.
In the individual aspect, people use their smart mobile devices to assist in the monitoring of personal health conditions, gathering
information of the spreading status, and tracing footprints of the infected. Social media and instant messaging were utilized to
overcome restrictions on in-person contact. Many physical shopping and entertainment activities had to be replaced by mobile
shopping and entertainment on-demand with cloud support (Dihal et al., 2013).
All of these cloud-supported applications are interrelated, and their importance in reducing uncertainty and equivocality is
different. To have a clear understanding of their priorities relative to each other, a multiple criteria decision-making (MCDM)
process is required (Tang et al., 1999; Wu et al., 2011). The proposed method is elaborated on next.

RESEARCH METHOD
SMARTER Method
The Simple Multi-Attribute Rating Technique Exploiting Ranks (SMARTER) method is a modified upgrade version of the
SMART (Simple Multi-Attribute Rating Technique) method (Barron & Barrett, 1996; Edwards & Barron, 1994; Edwards &
Fasolo, 2001). The SMARTER method is a multiple criteria decision-making (MCDM) method. The main difference between
SMARTER and SMART methods is the weighting technique. SMART is based on the elicitation procedure for weight
comparison that facilitates the analysis, and SMARTER extends the ranking process. The weights of the criteria in the
SMARTER method depend on the order of priority of importance and are assigned by using rank order centroid determination
techniques (Chiu & Chiou, 2016; Jr-Yi & Ming-Chuan, 2014).
The SMARTER method is based on the assumption that each alternative consists of a number of criteria, and each criterion has
a weight that shows how important it is compared to other criteria. Weighting in the SMARTER method uses values between 0
and 1, making it easy to compute and compare (Barron & Barrett, 1996; Edwards & Barron, 1994).
Decision-making with the SMARTER method is based on the importance or priority of the criteria. The rank order centroid
technique assigns weight to each criterion according to the rank assessed by the priority (Ahn, 2011; Tangkesalu & Suseno,
2018). The SMARTER decision is formed with the pair-wise comparison that "criterion i is more important than criterion j,
which is more important than criterion k" and so on, until the n-th criterion, expressed as a1 ≥ a2 ≥ a3 ≥ ... ≥ an, where ai is the
criterion with the i-th ranking. The rank order centroid technique is then applied to assign weights with the order of z1 ≥ z2 ≥ z3
≥ ... ≥ zn, where zi is the weight for criterion ai. Mathematically, if a1 ≥ a2 ≥ a3 ≥ ... ≥ an, then z1 ≥ z2 ≥ z3 ≥ ... ≥ zn. The weights
are computed as follows:
z1 = (1 + 1/2 + 1/3 + … + 1/n) / n
z2 = (0 + 1/2 + 1/3 + … + 1/n) / n
z3 = (0 + 0 + 1/3 + … + 1/n) / n
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……
zn = (0 + 0 + ... + 0 + 1/n) / n
where n denotes the number of criteria.
In general, the rank order centroid weighting technique can be expressed in Equation (1):

=

1

1
=

(1)

= 1

(2)

where we have
=

The basic principle of the SMARTER method can be illustrated by considering a decision problem with two criteria a1 and a2,
that is, the case of n = 2. If a1 ranks first, then by equation (1), its weight should be between 0.5 and 1 so that the midpoint (i.e.,
the centroid) of the interval of z1 = (1 + 1/2)/2 = 0.75 is taken as the approximate weight. Similarly, the weight of a2 will be the
midpoint, or the centroid, between 0 and 0.5 and is obtained by z2 = (0 + 1/2)/2 = 0.25 by equation (1). In this case, equation (2)
is satisfied with 0.75 + 0.25 = 1 (Barron & Barrett, 1996; Edwards & Barron, 1994).
Decision Process
This study conducted literature review and industry expert interviews to collect the important cloud services during the COVID19 pandemic. The decisional cloud services proposed by the experts and supported by the literature encompass the service
domains that are most important to the government, business, and individual. These factors are categorized in Table 1.
Table 1: Cloud services facing covid-19 pandemic.
Sector

Critical cloud service

Government cloud service

Business cloud service

Personal cloud service

C01

Public health status and infection monitoring

C02

Logistics and distribution of critical healthcare materials

C03

Remote public services and distance education in schools

C04

Production and supply chain flexibility monitoring

C05

Remote collaboration of employees and business partners

C06

Online marketing and mobile commerce

C07

Personal health monitoring and a footprint timeline tracing

C08

Social media and instant messaging

C09

Mobile shopping and entertainment

Source: This study.
In general, government cloud services are administrated and deployed by government units to provide information and public
services for people. Business cloud services are owned and operated by enterprises to provide managerial services to their
employees and business partners. Personal cloud services are provided by organizations or individuals to people for personal
applications.
Moreover, these cloud services can be further categorized by their functionalities. The experts and literature suggest that critical
cloud service functionalities coping with pandemic situations include management of surveillance (Ibrahim, 2020), collaboration
(Zhao & Wu, 2020), and mobility (Moslem et al., 2020). Table 2 exhibits the cloud services categorized by functionality.
Table 2: Cloud services facing covid-19 pandemic by functionality.
Functionality
Sector

Government cloud service

Business cloud service

Surveillance
management

Collaboration
management

Mobility
management

C01
Public health status and
infection monitoring

C02
Logistics and distribution of
critical healthcare materials

C03
Remote public services and
distance education in schools

C04
Production and supply chain
flexibility monitoring

C05
Remote collaboration of
employees and business
partners

C06
Online marketing and mobile
commerce
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Personal cloud service

C07
Personal health monitoring
and a footprint timeline
tracing

C08
Social media and instant
messaging

C09
Mobile shopping and
entertainment

Source: This study.
The experts were then asked to rate the influence of each factor by ranking. The final results were described and discussed next.
RESULTS
The collected data of ranking of clouds in Table I for media richness comparison were obtained by voting of the experts. The
comparison used uncertainty mitigation and equivocality mitigation as two dimensions for ranking. The corresponding weights
were then assigned by using equation (1). The results are exhibited in Table 3 and Figure 1. The normalized total weight in Table
3 is obtained by normalizing the sum of the weights of uncertainty mitigation and equivocality mitigation.
Table 3: Ranking and weights of media richness of the cloud services facing pandemics.
Uncertainty mitigation

Equivocality mitigation

Normalized Total weight

Overall rank

Cloud service
Rank

Weight

Rank

Weight

C01

1

0.314

2

0.203

0.259

1

C02

3

0.148

1

0.314

0.231

2

C03

6

0.061

5

0.083

0.072

6

C04

2

0.203

4

0.111

0.157

3

C05

4

0.111

6

0.061

0.086

5

C06

9

0.012

9

0.012

0.012

9

C07

7

0.042

3

0.148

0.095

4

C08

8

0.026

7

0.042

0.034

8

5

0.083

8

0.026

0.055

7

C09
Source: This study.

Source: This study.
Figure 1: Media richness map of the cloud services facing pandemics.

Table 4 shows the total weights of media richness of the cloud service by category.
Table 4: Categorized total weights of media richness of the cloud services.
Functionality
Sector
Government

Surveillance

Collaboration

Mobility

Total

0.259

0.231

0.072

0.562
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Business

0.157

0.086

0.012

0.255

Personal

0.095

0.034

0.055

0.184

Total

0.511

0.351

0.139

1.000

Source: This study.
Table 5 and Figure 2 exhibit the weights of cloud services grouped by sector for uncertainty mitigation and equivocality
mitigation.
Table 5: Weights of media richness of the cloud services by sector.
Government

Business

Personal

Cloud
service

Uncertaint
y
mitigation

Equivocalit
y
mitigation

Cloud
service

Uncertaint
y
mitigation

Equivocalit
y
mitigation

Cloud
service

Uncertaint
y
mitigation

Equivocalit
y
mitigation

Surveillance

C01

0.314

0.203

C04

0.203

0.111

C07

0.042

0.148

Collaboratio
n

C02

0.148

0.314

C05

0.111

0.061

C08

0.026

0.042

Mobility

C03

0.061

0.083

C06

0.012

0.012

C09

0.083

0.026

0.523

0.600

0.326

0.184

0.151

0.216

Total weight

Source: This study.

Source: This study.
Figure 2: Media richness map of the cloud services by sector.

As shown in Figure 2, government cloud services are the most critical for uncertainty mitigation and equivocality mitigation
when coping with pandemics. Business cloud services have a higher effect on uncertainty mitigation than equivocality mitigation.
Personal cloud services have a higher impact on equivocality mitigation than uncertainty mitigation.
Table 6 and Figure 3 exhibit the weights of cloud services grouped by functionality for uncertainty mitigation and equivocality
mitigation.
Table 6: Weights of media richness of the cloud services by functionality.
Surveillance management
Cloud
service

Uncertaint
y
mitigation

Equivocalit
y
mitigation

Collaboration management
Cloud
service

Uncertaint
y
mitigation

Equivocalit
y
mitigation

Mobility management
Cloud
service

Uncertaint
y
mitigation
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Government

C01

0.314

0.203

C02

0.148

0.314

C03

0.061

0.083

Business

C04

0.203

0.111

C05

0.111

0.061

C06

0.012

0.012

Personal

C07

0.042

0.148

C08

0.026

0.042

C09

0.083

0.026

0.560

0.462

0.285

0.417

0.156

0.121

Total weight

Source: This study.

Source: This study.
Figure 3: Media richness map of the cloud services by functionality.

As shown in Figure 3, surveillance management cloud services are the most critical for uncertainty mitigation and equivocality
mitigation when coping with pandemics. Collaboration management cloud services have a higher effect on equivocality
mitigation than uncertainty mitigation. Mobility management cloud services have a higher impact on uncertainty mitigation than
equivocality mitigation.
Furthermore, the above results were obtained under the assumption of the equal importance of uncertainty mitigation and
equivocality mitigation (i.e., z1 = z2 = 0.5). This assumption may require adjustment as the pandemic situation changes. For
example, starting in May of 2021, the outbreaks of COVID-19 became deteriorated. The Taiwanese government raised the
pandemic alert level from level 2 to level3. At this time, the experts further compared the impacts of the two mitigation factors
and decided that uncertainty mitigation will become more important than equivocality mitigation under the COVID-19 pandemic
for the future scenario. Thus, by equation (1), the weight of uncertainty mitigation is adjusted to z1 = 0.75, and the weight of
equivocality mitigation becomes z2 = 0.25. The adjusted results are exhibited in Table 7.
Table 7: Adjusted ranking and weights of media richness of the cloud services facing pandemics.
Uncertainty mitigation
(z1)

Equivocality mitigation
(z2)

Cloud service

Adjusted normalized
total weight
(z1 = 0.75, z2 =0.25)

Overall rank

Rank

Weight

Rank

Weight

C01

1

0.314

2

0.203

0.287

1

C02

3

0.148

1

0.314

0.189

2

C03

6

0.061

5

0.083

0.066

7

C04

2

0.203

4

0.111

0.180

3

C05

4

0.111

6

0.061

0.098

4

C06

9

0.012

9

0.012

0.012

9
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C07

7

0.042

3

0.148

0.068

6

C08

8

0.026

7

0.042

0.030

8

C09

5

0.083

8

0.026

0.069

5

Source: This study.

DISCUSSION AND CONCLUSIONS
Research Implications
During the unusual time of the COVID-19 pandemic, many innovative information services were developed and deployed to
help mitigate the impacts of the epidemic. However, because of the limitation of resources and the urgency of situations, decisions
on the priority of these information services are required. These decisions are usually complex and under time constraints.
Through the media richness theory and the SMARTER method, this study provides a systematic and swift process to determine
the priority of cloud services for confronting the COVID-19 epidemic.
From the results in Table 3, the cloud service for public health status and infection monitoring (C01) has the highest priority
when facing the COVID-19 pandemic. This result suggests that government units should make the best effort to deliver this
information service. Public health status is the key to realizing the impacts of the pandemic, and infection monitoring will reveal
the effectiveness of the confrontation measures.
As exhibited in Figure 1, the cloud services that are most effective for uncertainty mitigation are public health status and infection
monitoring (C01), production and supply chain flexibility monitoring (C04), and logistics and distribution of critical healthcare
materials (C02). These cloud services help the reduction of information uncertainty and thus can effectively facilitate the
functioning of government units and businesses. The cloud services that are most effective for equivocality mitigation are
logistics and distribution of critical healthcare materials (C02), public health status and infection monitoring (C01), and personal
health monitoring and footprint timeline tracing (C07). These cloud services help the reduction of information equivocality and
thus can effectively help to achieve the peacefulness of personnel emotion.
Table 4 compares the relative importance of cloud services in different sectors and application functionality. For governmental
and business sectors, cloud services of surveillance management applications are the most critical, followed by collaboration
management applications and mobility management applications. For personal clouds, surveillance applications still have the
highest priority (0.095) when facing a disastrous pandemic. However, mobility applications (0.055) have higher priority than
collaboration applications (0.034).
Moreover, in different time periods of the COVID-19 epidemic, the impacts of information uncertainty and information
equivocality may differ. An example of analyzing such a situation is exhibited in Table 7. In case that the requirement of
information uncertainty mitigation is higher than information equivocality mitigation or vice versa, the rank order centroid
weighting technique of the SMARTER method can be utilized to differentiate the relative importance. The results in Table 7 can
be compared with the results in Table 3 and adjust the resources and schedules for the deployment of various cloud services.
Suggestions
This study analyzes the relative importance of the cloud services which were deployed to mitigate the information uncertainty
and equivocality using the media richness theory and the SMARTER method. Further research could use other approaches, such
as the hierarchical analytic process (AHP), to analyze the impacts of the factors regarding the measures for confronting the
COVID-19 pandemic. Moreover, the analyzing process in this study can be applied to specialized topics such as smart healthcare
services facing the pandemic and impact factors for privacy and security in pandemic confrontation. Further investigations into
these topics are recommended.
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